Objective: Critical care represents a large percentage of healthcare spending in developed countries. Yet, little is known regarding international variation in critical care services. We sought to understand differences in critical care delivery by comparing data on the distribution of services in eight countries.
T here are substantial differences in healthcare systems, resources, and clinical outcomes among countries, but little is known about international differences in critical care services (1) (2) (3) . As medical practice has shifted over the past 20 years, hospital costs tend to dominate health expenditure in developed coun-tries, and critical care services represent a large proportion of these costs (4, 5) . Life expectancy in developed countries continues to increase, and many countries have rapidly aging populations, potentially placing a greater demand on medical services overall, and critical care in particular (6, 7) . All countries struggle to optimize quality of care while mini-mizing costs; a full understanding of differences in underlying health services is essential for determining appropriate health policy goals for critical care delivery, both at the local and national level (1, 8) . Research in critical care also now routinely involves international collaborations and data collected from multiple countries (9 -12) . Background information on these healthcare systems is often lacking and may influence the interpretation of results (13) .
Given the paucity of data that exist on international variation in critical care, we sought to provide data on the distribution and delivery of critical care services in countries that routinely contribute to the critical care literature. We then examined the correlation between critical care services, healthcare expenditure, and critical care outcomes. Some of the results of this study have been previously reported in the form of an abstract (14) .
MATERIALS AND METHODS
Identification of the Countries for Comparison. It was not practical to seek information on critical care services in all countries. Therefore, as a starting point, we chose to identify eight countries that routinely contribute data on critical care research. This was accomplished using a literature search of three general medical journals. For details of the search strategy, please see Appendix A in the online supplement.
Identification and Collection of Information on National Critical Care Services. A collaborator in each country of interest who had experience in critical care health services research was identified. Because we were interested in available information, we sought only crude information on the provision of national critical care services that could be reasonably compared between countries. In particular, we specifically asked each collaborator to provide: 1) population data for 2005, 2) total number of acute care hospitals, 3) total number of acute care hospital beds, 4) total number of adult intensive care units (ICUs) (excluding standalone coronary care units), 5) total number of ICU beds (total vs. staffed, if available), 6) median number of ICU beds per unit, 7) total number of ICU beds by ICU specialty, 8) hospital admission per year, 9) ICU admissions per year, 10) ICU admissions mechanically ventilated per year, and 11) definitions of acute care hospital beds and ICU beds. Each researcher first sought publicly accessible data where possible, and other data sources as nec-essary. We sought data from 2005, or as close as possible to 2005, that was referenced (see online data supplement, Appendix B for full resource references for each country). Any definitions of intensive care beds stated in the data were also collected. If multiple sources were available for the same information, each country-specific researcher assessed the relative quality of the different data sources. Although critical care data are for adult intensive care beds only, rates are expressed per entire populations (including children) unless specified. Basic data were summarized in table form. Pearson correlation coefficient and linear regression were used to examine the relationship between ICU beds and hospital beds.
Correlation With Healthcare Spending, Disease Incidence, and Outcomes. Data on healthcare expenditure (calculated using purchasing power parity) were taken from the Organization for Economic Co-operation and Development 2007 (15) . (The most recent data on health expenditure per capita across countries were from 2004). ICU beds per capita were correlated with health expenditure using the Pearson correlation coefficient.
Very few studies in intensive care report collected data by individual country. We used data on observed hospital mortality from the Simplified Acute Physiology Score 3 study (www.saps3.org), as well as frequency of, and outcomes from, sepsis reported in the Sepsis Occurence in Acutely Ill Patients study (10) to examine the relationship between available ICU resources (ICU beds) and case-mix and outcomes from intensive care across countries. Correlations were assessed using the Pearson correlation coefficient. All data management and statistical analyses were performed using Excel 2003 (Microsoft, Redmond, WA) and Stata 8.0 (StataCorp LP, College Station, TX). This study was reviewed by the local Institutional Review Board and received exempt status.
RESULTS
Definition of Intensive Care. The definitions available for the intensive care beds counted in each country are shown in Table 1 . Clear definitions for the data sources used were not available for all countries.
Baseline Critical Care Data for Eight Countries. Relevant data on baseline population and hospital resources are shown in Table 2 . Overall age distributions of the populations were very similar (see online data supplement Appendix C). Per capita, Germany had the most acute care hospital beds, and the United States had the fewest. Overall critical care resources for the eight countries identified are shown in Table 3 . Germany (24.6) and Belgium (21.9) had the highest number of ICU beds per 100,000 population, seven-fold higher than the United Kingdom (3.3), which had the lowest of all eight countries. There was enormous variation a Level 3 care defined as "Patients requiring advanced respiratory support alone or basic respiratory support together with support for at least two organ systems. This level includes all complex patients requiring support for multi-organ failure" (16). in the volume of admissions to intensive care; Germany had six times as many admissions to ICU (per capita) compared with Canada, and ten times as many as the United Kingdom.
To examine the relative proportion of critical care beds, we compared the availability of ICU beds per capita with hospital beds per capita. Figure 1 demonstrates that the number of ICU beds (per capita) is highly correlated with hospital beds across all countries, excluding the United States (r ϭ .90).
Specialty ICUs. Table 4 shows the distribution of specialty ICUs. We were unable to provide a detailed breakdown of ICU type and bed number for all eight countries due to limitations on available data. The relative distribution of specialty ICUs vs. general ICUs was not uniform across countries, with specialty ICUs making up anywhere from 7% (Netherlands) to 20% (Canada) of units.
ICU Beds and Healthcare Spending per capita. Once the baseline data on ICU beds were collected, we examined whether there was an association between ICU beds per capita and healthcare spending per capita. Figure 2 shows that there is in fact only a weak correlation between the two (r ϭ .48).
ICU Beds, Disease Frequency, and Mortality. We also explored whether there was an association between ICU beds and the reported hospital mortality for intensive care patients using available published data from large international studies on intensive care (10, 17) . Using data from patients in six countries who were admitted to intensive care with sepsis (the Sepsis Occurence in Acutely Ill Patients study), there were very strong inverse correlations between ICU beds per capita and both the reported frequency of sepsis in the ICUs in different countries (r ϭ Ϫ.85), and the hospital mortality for these patients (r ϭ Ϫ.82) (see Fig. 3 ). When we examined mortality data from the Simplified Acute Physiology Score 3 study, there was a very strong correlation (r ϭ Ϫ.82) between ICU beds per capita and hospital mortality for ICU patients (see Fig. 4 ).
DISCUSSION
This study demonstrates large variations in critical care beds and admission rates across eight countries. However, for all countries examined except the United States, there was a very strong correlation between critical care beds and hospital beds per capita, such that for every increase of 100 beds per 100,000 population there are an extra 3.5 ICU beds. The US is an outlier, having clearly adopted a different model that shifts the emphasis on resources away from acute care hospital beds and toward ICU beds. Halpern et al. (18) demonstrated this pattern from 1985 to 2000, noting a decrease of 26.4% in overall hospital beds and a concomitant increase in critical care beds of 26.2%. The decrease in hospital beds may also be due to an increased use of chronic care facilities, allowing patients to be discharged sooner from acute care hospital beds (19) .
Differences in national spending on healthcare, and intensive care, are well documented (2) . For instance, the US is by far the biggest spender on healthcare (15% of the gross domestic product) with Germany, France, and Canada in the middle (9%-11%), and Spain and the United Kingdom at the lower end (7%-8%). Surprisingly, there was not a strong correlation between greater provision of ICU beds and higher healthcare spending per capita. What does appear to correlate inversely is the provision of ICU beds and the case-mix in the ICU, and hospital mortality for these patients. Using data from two large, multi-national studies, we were able to explore these associations. The very strong correlation with the frequency of sepsis reported in ICUs in six countries suggests an effect of available resources on case-mix. The idea that the percentage of patients in the ICU with sepsis would increase if fewer ICU beds were available makes intuitive sense and may help to explain some of the variation seen in studies reporting the frequency of diseases in the ICU (10, 20) . Furthermore, ICU beds also correlate highly with hospital mortality for intensive care patients. Again, this makes sense as one would expect a "sicker" patient population in the ICU if beds are more limited, and consequently a higher reported mortality for that ICU. This explanation for variation in reported mortality is strengthened by the fact that the same strong correlation between ICU beds per capita and mortality was found with data from two, unrelated studies of critical care patients across multiple countries. Other comparisons of the United States (with a relatively high number of ICU beds per capita), with other countries have also noted differences in case-mix and outcomes, likely driven by these differences in bed availability (21) (22) (23) (24) . Of course, our finding is one of correlation and not causation. Many other factors may play a role in the differing outcomes of intensive care patients across countries. In particular with these data, we cannot fully explore the alternate interpretation that having fewer ICU beds is merely a marker of poor care delivered in intensive care. This analysis also does not take into account differences in populations with regard to age distribution or disease prevalence. More detailed analysis of the patient characteristics, patterns of care, and outcomes are needed to fully understand the reasons for differences between countries.
Prior attempts to quantify critical care services tend to either include older data (1, 8) , or lack consistency with regard to data and references reported across countries (see country series in the journal ICU Management). Every collaborator on this study had difficulty locating all of the relevant information, and all required use of multiple data sources. Many had to send queries to government agencies and intensive care societies. In a few circumstances, even the specific governmental agencies responsible for healthcare or statistical data did not have the necessary information, and data were obtained from surveys, private companies, or could not be located at all. Although we attempted to standardize our data collection and obtain the most recent data available, in some cases our data are older. Furthermore, a limitation of our method for acquiring data are differences in definitions regarding what constitutes an acute care hospital bed, an intensive care bed, and how beds/admissions are counted in different countries. In particular, in the United States, where there seem to be few acute care hospital beds compared with many other countries, there are data to suggest that this may be offset by increasing use of skilled nursing facilities (19) . It is possible that such facilities in the United States (and possibly some other countries) provide care similar to that delivered in some acute care hospitals. Clearly, despite the patterns observed in our study, the overall provision of intensive care beds may be driven by many factors in each country. Further work is needed to understand the complexity of these patterns across countries.
We have attempted to identify definitions of intensive care beds used in data collection in each country to clarify any differences. Some countries seem to focus on the nurse to patient ratio, or need for close monitoring, whereas others focus on the ability to support organ systems. Because of these differences, what may constitute an intensive care bed in one country may be considered a stepdown or high-dependency bed in another. With the ever-increasing international nature of intensive care research and clinical discussion, international consensus definitions regarding what constitutes an intensive care bed are needed. Perhaps a more practical approach, given the many variations on care that can be delivered, would be a "minimum" definition, to ensure some similarity in level of care delivered. One example might be the ability to provide mechanical ventilation, and support of one other organ system.
The eight countries chosen here for comparison are a very small portion of the countries that routinely provide critical care. Any initial list of countries would be arbitrary, whether based on continent, gross domestic product, healthcare expenditure, or research activity. We did not attempt to generate an exhaustive description of critical care research, or a definitive list of countries; our search strategy was designed to provide data for select countries that would be considered of interest due to their relatively prominent contribution to recent critical care evidence. Given the high adoption rate across the globe of new treatments and strategies based on studies published in top-tier journals, it seemed that gaining an understanding of the ICU resources in the countries providing these data would be of utmost importance. This list also allowed us to correlate our findings with data from two multinational studies of ICU outcomes. It is likely that a broader search of the literature would generate a different list of countries with regard to frequency of data published. A previous examination of countries contributing to critical care and resuscitation journals by Boldt et al. (25) derived a list of countries that is similar (both containing the United States, Canada, United Kingdom, France, Germany, and The Netherlands), while we did not include Japan and Italy in our list.
Delivery of healthcare occurs at the local, regional, and national level, but rarely do healthcare budgets extend beyond national borders. Some countries, for example France and Spain, have healthcare systems that tend to be based on regional structures, rather than country-wide systems; extrapolated regional data may not always be valid at the national level. Yet, no planning for healthcare at either the regional or national level can occur without detailed information about the resources available. The difficulties in obtaining accurate information only highlight the need for better understanding and documentation. Such information is essential to improve understanding of the variation in healthcare delivery and costs between countries, to improve policy decisions and allow for change for optimal delivery of care.
CONCLUSIONS
Absolute critical care services vary dramatically among countries, with wide differences in both numbers of beds and volume of admissions. Critical care resources seem to correlate with critical care case-mix and mortality. Knowledge of critical care resources in all countries is essential for interpretation of clinical studies, and for policy decisions regarding critical care services. Further searching was performed using individual journal websites. For the NEJM website: original and special articles under the "Critical Care" Topic Collection; JAMA website: articles under the "Critical Care/Intensive Care Medicine" Collection; The Lancet website: articles with the phrases "critical care" or "intensive care" anywhere in the title, abstract, or main text of the article. All articles identified by this search strategy were reviewed by hand by one of the authors (HW). For all articles that met the inclusion criteria, a list of the countries where data collection occurred was extracted based on available information regarding data sources in the text of the articles. A point was then awarded to each country that contributed patient data from at least one ICU.
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